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ABSTRACT 


The data collected in June 1990 from the R/V Point Sur ave used to study the 
Cahfornia Undercurrent and California Current in the area off Point Sur. The area of 
Study 1s a coastal region starting 3 km off Point Sur and extending westward [02 kin. 
At that distance the orientation of the Ime of the stations changes to southwest, ex- 
tending to 228 km offshore. The cruise took place from 16-22 of June under upwelling 
favorable weather conditions. 

The results of this study help illustrate the great variability of the currents in the 
arca, In June 1990 the Cahforma Undercurrent exists, is strong (max speed 36 cin‘sec), 
Reconined to the first 65 kn from the shore, anid cares equatonal mpe waters 
momencard niedenths tess than 650 dbars. [he estimated transport 1s 2.9 Sv. lye 
anon. Current is broad slower than the bondercuirent (niax spced-28 cnijsce). 
shallower and carries Subaretic North Pacific waters. Phe coastal upwelling looks strong 
starting from the depth of 100 dbars, and contiibutes to the inshore coastal jet which it 
is observed im the first 8 km from the shore and in the upper 20 dbars. 

Unlike previous analyses based on CalCOFl data, the Undercurrent appears robust 
in June. Its strong surface and subsurface signature had not previously been reported for 
this month. This may in part be due to the determination made in this thesis that 700 


dbar is a more appropriate reference level than either 500 or 1000 dbar. 
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i INTRODUCTION 


A. GENERAL CLIMATOLOGICAL PICTURE 

In 1987, the Point Sur Transect (POST) was established by the Department of 
Oceanography at the Naval Postgraduate School to investigate the long term variability 
In the eastern Pacific boundary region. Since its establishment 12 cruises were under- 
taken and seven theses have been accomplished using these data. This research, the 8” 
report, deals with the data from June 1990 for the investigation of California Undercur- 
Ponto at tOint Sur: 

The following description is taken fron: Berryman (1989) to give the general 
climatological picture. 

“The Cahtfornia Current (CC) is the castern boundary current of the Subtropical 
North Pacific gyre, and extends fram Washington State to Baja California. Typical of 
eastern boundary currents it 1s a broad, shallow and weak svstem of equatorial flow. 
Velocities are usually less than 25 cmi'sec, most of the flow ts limited to the top 300 m 
and the system extends from the coast out to 900 kim with a core 200 - 300 km offshore. 
Low tempcrature, low salinitv subarctic water originating near the West Wind Drift is 
carried south and mingles with the other water masses found in the region. These are the 
eastern North Pacific water mass on the western boundary of the California Current, 
and I:quatonal Pacific water from the South. 

“In addition to the broad equatorial flow, the system is characterized by a poleward 
under current closer inshore, variously called the inshore Countercurrent (IC), or the 
Davidson Inshore Current (DIC) when it reaches the surface. This poleward flow 1s 
somewhat stronger, more narrow, and generally found over the continental slope and 
shelf, While the equatorward Mow of the California Current 1s fairly consistent year- 
round, the countercurrent exhibits strong annual variability, alternatelly kept at depth 
m the spring and summer as a result of the strong northwesterly winds, and surfacing in 
the fall and winter with the relaxation of the winds.” 

The annual picture of the nearshore water characteristics is constructed as follows. 
Cool, high salinity, high nutrient waters dominate the nearshore waters of the central 
coast from February to September. This is the upwelling period of strong northwesterly 
winds. In September the winds diminish resulting mr the encroachment of the ocearric 


water into the nearshore areas: this i the oceanic period which usually persists untl 


November. As the winds shift to the southwest in November, the northward flowing 
Counter Current reaches to the surface Jandward of the California Current. and then is 
known as the Davidson Current. This northward surface flow of warm, low salinity 


water persists until the winds reverse in February. 


B. STUDIES ON THE AREA 

The Califorma Current system has been the subject of numerous studies in the past, 
from the Jong-term data collection of California Cooperative Oceanic Fisheries Investi- 
gations (CalCOll) to specific process experiments of recent years such as the Coastal 
Transition Zone Program (CTZ Program), Central California Coastal Circulation Study 
(CCCCS), and the Point Sur Transect (POST) (Bensyinan 1989, lisch 1290): 

The CalCOI-I data set represents a forty vear record of hydrographic surveys aimed 
at cxanuning the long term variability of the coastal region and the enviromental impact 
on Jocal fisheries. An excellent review of the CalCOFll program can be found im the 
October 1988 CalCOPll] Reports (Reid 1988). Sumunary of the seasonal variabilitv of the 
flow accordmg to the CalCOFI data is given by Ilickey (1979) and Chelton (1984). 
Velocities were derived from these hvdrographic data using an assumed level of no mo- 
tron (NM) with the geostrophic relationship. 

The CCCCS program (february 1984 to July 1984) provided higher hydrographic 
resolution (than CalCOll) and included moored current meter arrays from San 
Francisco to Point Conception. The important conclusion drawn from this experiment 
was that the historical CalCOFI hydrographic data do not resolve spatial scales of var- 
lability in shelf and slope waters because the horizontal spacing of stations was too 
course to resolve the coastally trapped poleward flow (Chelton et al. 1987). Tiveeiiesn 
notable feature thus identified in the CCCCS was the relatively consistent coastally 
trapped poleward flow over the shelfin the entire region from Point Conception to San 
Francisco. The cause of this mean poleward flow and the large fluctuations in the flow 
were not identfied. These features appear to Ge unrelated to local wind forcing, which 
Is generally equatorward in the region and varies on a much shorter time scale (Chelton 
Chale 1957): 

In 1987 the Point Sur Transect (POST) was established by the Department of 
Oceanography at the Naval Postgraduate School (NPS) to investigate the long term 
variability in this region. Investigating the time variability of poleward flows, their role 
in gvre-scale processes, and related dynamics are the main goals. POST extends offshore, 


normal to bottom topography, along 36°N to 123°01.7 W. There it turns along the cs- 


No 


tablished CalCOFT line 67 (the Monterey Bay line) to allow for comparison with previ- 
ous studies uuhizing the CalCOl | data set. As of June 1990 there had been 19 cruises 


lable! ealoue tie POST (lb teure 1). 
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Figure | gives the distribution of the stations on the Point Sur Transection used for the 
California Undercurrent (CUC) project. This thesis deals with the CUC, using the data 
from the June 1990 cruise, and consists of 22 CTD stations and 9 Pegasus stations. The 
length of the hvdrographie transection 1s 228 km with denser coverage at the inshore end 


of the transection. 
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Figure 1. The scheme of the POST 


This study of the CUC also utilizes continuous vertical profiles of absolute velocity 
from the “Pegasus” mstrument. This instrument allows accurate velocity data to be 
collected rapidly and with greater case over a large geographic region, and removes the 
guesswork associated with erroneous assumptions about Ievels of “No Motion” 
(Berryman 1989). The difficulty with using instruments like “Pegasus” is in separating 
the velocity constituents since It Is an Instantaneous measurement. Bimonthly sampling 
prevents temporal resolution of less than four months. 

Previous studies of the area by the NPS students showed that a narrow poleward 
undercurrent exists close to the shore. The speed and the location vary from season to 


season. The nature of the alongshore geostrophic velocities and the location and spatial 


extent of the Undercurrent appear to be strongly related to specific wind events, local 
od remote (lisa 1990). lable 2 (ron: liseh 1990) shows the spatial extent and core 
velocities of the Cahfornia Undercurrent based upon the geostrophic relationship rela- 


tive to L000 dbais for data from the seven selected cruises. 
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C. POINT SUR 
i. Geophysical characteristics 

The continental margin off Point Sur consists ofa shelf extending some !5 km 
from the coast to a depth of 1S0 m, a steeper continental slope out 75 kim to a depth of 
3050 m, and a gentler rise to the basin floor 3500 m deep, about 100 km offshore. A ridge 
Starting at Point Sur and extending offshore (west) a distance of about 34 km may affect 
mie Cunients 1 the area, 

Numerous canvons mdenting the shelf (figure 2) may affect the currents in the 
arca. Sur Canvon, located off the Big Sur River, heads 5.5 km from land near one of the 
local rivers. Llowever, an intersecting canvon, Partington Canyon, extends almost to the 
berch Jartineton s Canon lead bends along thie coast. 

The Sur-Partington group has five main branches. The channels are twisting like 
the pattern of a river. The canvons are V-shaped, but are flattened at a depth 620 m. 
The Sur canvon branch is cut deepest into the slope with walls as high as 620 mm some 
places. The whole canvon system (Sur and Partington) extends offshore for 89 km from 


the head of the Sur canvon, or 107.5 km from the head of Partington canyon. 
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Figure 2... Geophysical characteristics of the area - Canyons (Shepard 1941) 


The largest submarine canvon along the California coast is the Monterey Sub- 
marine Canyon. It heads in Monterey Bay (Mloss Landing and Moss Lagoon) and ex- 
tends seaward at a distance 195 km. Carmel Submarine Canyon heads on Carmel Bay 
and extends seaward first west then northwest coming into Monterey Submarine Canyon 
at a depth 2000 m. Transverse profiles of both Monterey Canyon and Carmel Canyon, 
indicate that a V-shape predominates in the inner portions of the canyons. Further out 
where the trend of Monterey Canyon changes direction from west to southwest, it loses 
its V-shape and becomes a broad trough without particularly high or steep walls. These 


two canyons may play an important role in the currents m the area. 
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2. Water masses 
To study the water tvpes at Point Sur, first we have to see what are the char- 
acteristic Water masses in North Pacifie which contribute tn the formation of the water 
masses at Point Sur. The North Pacific water masses according to Defant (1941) are 
given in Fable 3. The limiting values for temperature and salinity are given to demon- 


strate in What extreme limits occanographic factors may vary. 


Table 3.0 WATER NIASSUS OF NORTH PACIFIC ACCORDING TO DEFANT 
(1941) 
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astern orth Paciie Water 
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Teherma (1980) gives a simple picture of the water masses in North Pacific, but 





as Defant, he puts limiting values of temperature and salinity (Table 4). 
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Sverdrup, Johnson, and Fleming (1961) give the water masses in the area ina 
more moderate wav, avoiding temperature and salinity limits. According to them. the 
water mass Which dominates in all the North Pacific ts the Subarctic Water mass. At SO 
oN this water mass is characterized by an average temperature between 2 and 4 °C and 
salinity 32 psu but increases to approximately 34 psu at a depth of a few hundred meters 


and below that depth increases slowly to about 34.65 psu at the bottom. This water mass 


is carried toward the east and when reaching the American coast it 1s deflected toward 
the south and enters to a region of different climatic conditions. [lere the temperature 
of the upper layers is raised by heating and the salinity is increased by excess evaporation 
and mixing, so that the 1S curves gradually swing toward the right. Strictly speaking, 
the Subarcuc Water mass 1s characterized as the water mass northward of 45° N. For the 
sake of convenience this name 1s used for all the water mass until of 23° N. Southward 
from this latitude the Subarctic Water inass converges with the Equatorial Water mass. 
Between 22° N and 45° N and below 300 m the T-S curves show waters intermediate in 
character between Subaretic North Pacific and the Equatorial Water. This fact suggests 
that the water at this area is formed by lateral mixing between those two large and well 
defined water masses. Such mixing gives the idea that a northward penetration of 
[equatorial water occurs along the coast. Sverdrup and Flemming (1941) and Tibby 
(1941) observed that at stations close to the shore (30 km from the shore) the watermmnecs 
had characteristics closer to Equatorial Water mass than to Subarctic Water mass. For 
the same latitude, water mass at a station $50 km from the shore had characteristics 
closer to Subaretic Water mass. From the above description it 1s evident that close to 
the shore we expect the Subaretic North Pacific water mass to be strongly affected by 
the Equatorial Water mass characteristics. Offshore the waters are expected to be more 
likely to be Subaretic North Pacwhe water mass. 
The following currents and phenomena are the main contributors in formation 
Of Ue Waleh metssesetet Ol our 
e The warm and salty northward flowing Cahforma Undercurrent close to the shore 


e The cold and low sahnity southward flowing Cahforma Current offshore. 


e The strong upwelling. durnng the spring and summer which mixes subsurface water 
with surface water masses. 


e The coastal jet (s ter2s kniwollshore) ane 


The Davidson Current, which brings o¢canic surface water close to the shione 


The Cahfornia Undercurrent and its T-S relationship are discussed by Sverdrup 
and Ileming (1941), Tibby (1941), Blanton and Pattullo (1970), Reid Roden and Wythe 
(1958), Halpern Smith and Reed (1978), Wooster and Jones (1970), Wickham (1975) and 
Chelton (1984), who may be the most representative author for the area OfF Point Sur. 
The results from the above works, except Chelton’s, are summarized in Ilickev (1979). 
According to these authors the California Undercurrent flows over the continental slope 


and carries equatorial type water. This water is characterized by high temperature, 


salinity and phosphate, and low dissolved oxygen. From dynamic topography of the 200 
dbar surface, Reid (1958) showed that at depths greater than 200 dbars there is poleward 
flow throughout most of the vear from southern Baja to at least as far north as Cape 
Mendocino in northern California. 

PieSeurent mete records O61 Collms etal. (1968): and aviloeers ct al (1976) 
suggest that the undercurrent over the shelf is highly coupled to the equatorward wind 
stress. According to these, strong upwelling favorable winds result in an cquatorward 
surface jet and poleward undercurrent. 

Ilickevy (1979) concludes that the salinity and temperature of the core of 
California Undercurrent in all the range from Baja California to Vancouver Island is 
Become) 6 pst and 9.0 "C (ouserved at Baja Calitornia) and 33.9 psu and 7.0 °C (ob- 
served at Vancouver Island). Muxing processes diminish the cross-shore temperature 
and salinity gradients so the transition observed im the waters off Vancouver Island ts 
much more gradual than off southern Cahforma. The scasonal variation of the per- 
centage of Equatorial water at specific locations along the coast has not been mvesti- 
gated. Wooster and Jones (1970) believe and give some evidence for interannual 
variations in northward extent of a given isohaline. 

The most representative author for the arca off Poimt Sur ts Chelton (198-4). 
Using geostrophy he found that the Cahfornia Undercurrent at Pomt Sur presents vart- 
ations vear-round. During June, he found no evidence for an undercurrent. It was never 
observed during the June and only weak poleward flow has ever been observed m July. 

Peco to Lhickey (1979) ~ [he Califonua Current exists motivo regions: of 
southward flow. The nearshore region is most fully developed in spring and carly sum- 
mer south of Cape Blanco. The offshore region ts most fully developed in late summer 
or fall. Of the two southward regions the nearshore region is strong vear-round. This 
region moves closer to the shore towards the south from Cape Mledocino and carries low 
salinity cold water. Pavlova (1966) found that the maxinuin southward flow occurs at 
the surface m all the seasons, at about 300-500 km offshore of Pomt Conception and 
agrees with Wylhe’s (1966) data in the offshore region. The California Current 1s more 
fully developed in the areca during the spring and early summer. This agrees with con- 
clusions based on Wyllie’s data only if the region sampled corresponds with the 
nearshore branch of the current”. Refering to Chelton (1984) for the Californra Current 
off Point Sur: “The core of California Current is located between 100 and 200 kim off- 
shore and is mostly restricted to the upper 200 m. The scasonal variability of this core 


shows two cquatoward maxima per year with peak velocity of 9 cm/sec in February- 


March and agam July-August. The core is displaced shghtly farther offshore in the 
Winterume maximum.” 

The coastal jet is mentioned in all the descriptions of shelf circulation along the 
coast of California and occurs during the upwelling season. This is a southward flow 
very close to the shore with a maximum speed at a distance 5 to 25 km from the coast. 
It is strongest during the spring and is centered closer to the shore than during the 
summer. The transported waters are mainly upweiled waters rich in phytoplankton and 
oxygen. Chelton (1984) describes that during March-April and July-September there 1s 
a narrow second maximum equatorward flow very nearshore with velocities of 5 to 8 
cm/‘sec. [le supposes that this jet may be more intense over the continental shelf, but 
with the CalCOFl data he couldn’t support this hypothesis. 

Poleward surface flow in nearshore regions off the coast of California associated 
with winter weather patterns is known as the Davidson Current. The Davidson Current 
is developed near the coast north of Point Conception in fall and winter and causes 
dramatic changes in water properties south of Cape Medocino. It brings southern 
oceanic water northward and reimforces the idea that the Davidson Current 1s the surface 
expression of the California Undercurrent which carries Equatorial type water 
northward. 

3. Weather conditions 

Weather conditions during the crutse are given in Figure 3. As it can be seen the 
wind during all the cruise was from NW directions as usually happens in this season in 
the area (Iuyer 1983). The wind speed was ranged from 6 to 12 m/sec contributing in 
the process of the upwelling in area. Air temperature was relatively high, staying above 
Qe 

4. Purpose of the study - Contents 

The data were collected during 16 - 21 June 1990 aboard the RV Point Sur. The 
purpose of this studv is to analyse and interpret these data, comparing the results to the 
previous conclusions. In parucular, I] describe the spatial structure of the various cur- 
rents, flows or jets, and compare gcostrophic flow with absolute current measurements. 

In this report Chapter II covers the instruments, methods, and data processing 
techniques. Chapter III] provides detailed analyses of the results. Finally Chapter IV 


summarizes the conclusions and offers recommendations for future work. 
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Figure 3.) Weather conditions during the cruise 


MH. DATA COLLECTION AND PROCESSING 


The Pt Sur data transection (Figure 1) of 22 CYD stations and 9 Pegasus sites is 


designed to resolve the water mass structure in the slope region. 


A. DATA COLLECTION 
l. Pegasus 

The Pegasus instrument is an acoustically tracked dropsonde which free falls 
through the water column and returns to the surface after dropping weights at the bot- 
tom. The elapsed times from the broadcast ofa 10 K] fz signal sent by Pegasus and the 
response by each of at least two bottom-mounted (and surveyed) transponders arc re- 
corded internally. Travel times are later converted to distances using a sound speed 
prohile. The location of Pegasus as it falls through the water colunm ts determined based 
on the consecutive ranges relative to the transponders and the depth. Velocities are de- 
rived from this path by differentiation with respect to time. The instrument transmits 
once every 16 seconds and with nominal fall and ascent rates of 30 - 35 m/min, data are 
recorded at about 8 m increments. ‘The horizontal speeds are accurate to within I - 3 
cm/sec, with uncertainties arising from assumptions regarding the speed and path of 
sound through the water column, as well as signal deformation and detection (Berryman 
1989). 

Pegasus cast locations begin 33 kim from the coast. The first 7 sites are spaced 
10 km apart along latitude 36°20 N (Figure 1). Sites 8 and 9 are located on CalCOUI 
line 67, 50 km and 123 km. respectivelly from site 7. Table 5 lists the pertinent Pegasus 
site information. 

Each cast extends from the surface to the bottom. In order to facihtate the 
elimination of inertial oscillations (at this latitude the inertial period is about 20 hours), 
the stations were surveyed twice, with approximatelly 9 to JT hours between casts. Each 
cast has two independent profiles (upward and downward) which can be analyzed sepa- 
rately or combined into an average profile. Totally 36 profiles were collected by Pegasus 
during the cruise of June 90 and 34 were analyzed. Cast # 267 have not taken into ac- 
count because the data were insufficient. 

27 =A DCE 
The RD Instruments Ine. Acoustic Doppler Current Profiler (ADCP) ts a 


vessel-mounted instrument (Model VM-ADCP) which utilizes the range-gated Doppler 
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shift of the signal backscattered fiom water particles along four column. The relative 


velocities are made through accurate knowledge of the ship's motion. Details of the 


ADCP can be found in Kosro (1985), RD Instruments (1989), and Moschovos (1989). 


The accuracy of the ADCP is highly dependent on the quality of the ship’s 


navigational data used to convert the relative velocities measured by the ADCP into 


absolute velocities. Variability of the ship’s speed and direction and data collection in- 


terval play significant roles in the ADCP accuracy and rehability. If these parameters 


are not carefully mtcgrated it will lead to considerable uncertainty in the final velociues. 


Kosro (1985) and King (1989) state accuracies of 4-5 cm/sec in the U component and 


Z-Arohy See 1 Ley Componente rciative Lo Cullen meters. 


3.~ JETD 
Casts were made at 22 stations uizing a MK TIE Neil Brown CTD probe with 


manufacturer sensitivities listed in lable 6. 


Table 6. MK IIT NETL BROWN PROBE (MANUFACTURER’S SENSITIV- 
PTItks) 
















Water samples were taken at the bottom, 3000 m and 1000 m of each cast from which 
salinity values were then determined in the laboratory. The raw CYD data were cali- 
brated using the bottle samples. Vigure 4 shows the residual difference after calibration 


Which has a standard deviation of 0.005. Yable 7 gives details of the CTD survey. 


B. DATA PROCESSING 
I. Pegasus 
The initial data processing was done by Tarry Rago using programs written at 
the University of Rhode Island and modified for use at the Naval Postgraduate School. 
Travel times were hand-edited and converted to velocities to remove obviousiimiad 
points, and then vertically smoothed using a 30 meter Tfamming halfwidth filter. This 
resulted in four independent profiles for cach Pegasus station, which could then be av- 
craged together to obtain an average velocity profile at the station with imertial effects 
partially removed. The result of the above mentioned calibration was 34 profiles which 
were used for the analysis. Two profiles of the cast 267 were rejected because insufficient 
good data were recorded. 
2 Awe) ele 
Bricfly stated, the first step in processing the ADCP raw data is the calculation 
of ship’s velocity from the navigation data. From this navigation data the U and V 
components of ship’s velocity are calculated. 
The next step in processing is the initial determination of the depth to which the 
data of each ensemble remains reliable. The basic criterion for this step comes from the 
good percent of return echoes (BIN STATISTICS FILE). By subtracting the ship’s ve- 


locity from the average velocity within the chosen reference layer, an absolute reference 
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Figure 4. Difference between CTD salinity and laboratory determined salinity over 


the sampled range 


laver velocity for cach ensemble ts obtained. The series of absolute reference velocitics 
Is then filtered with low pass [lamming window filter. 

Oiee the absoluiercierence velocity 15 detemuned, the velocity prelics of cach 
ensemble with respect to their reference velocity are also determined, thus vielding the 
final profiles of absolute water velocity. The profiles of absolute velocity are then aver- 
aged over the time interval for each run. Detailed description of converting the relative 
velocitics into absolute velocities 1s contained in theses of Reece (1989) and King (1989). 

The ADCP data were initially processed by Tarry Rago using programs written 
by Paul Jessen of the Naval Postgraduate School’s Oceanography Departnent. The 
processed profiles were averaged over 30 minutes in time and filtered Vertically using a 
Ilamming window with a 2 bin halfwidth. The reference layer chosen was 28-48 m, based 


on a “good ping” return of at least 95 percent in that laver. 
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Initial processing of the CTD data was conducted using programs written by 


Jim Stockel. The data were edited for bad points and averaged into 2 meter bins. After 


precruise laboratory temperature and conductivity calibration, an error still existed be- 


tween bottle salinity values and “calibrated” salinity values in the CTD data file. To 


correct this error, conductivity measurements were calibrated to water samples and the 


CTD data were further adjusted using the polynomial least squares regression fit men- 
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tioned before. Density, dynamic height, and geostrophic velocities were calculated from 
the calibrated CTD data using Paul Jessen’s programs based on the equation of state, 


LOS 80, (Fofonolf, 1985) and “dynamic method” as described by Fomin (1964). 


Hl. ANALYSIS 


A. DESCRIPTION 
I. Hydrography 
This section first presents detailed descriptions of the temperature, salinity, and 
density fields. The results from these enable us to proceed further in the analysis of T/S 
characteristics, spiciness and to distinguish the water masses m the area. | then try to 
approximate the level of no motion (LNM) using Defant’s method (1941). From the 
resulting LNM I create the dynanuc topography and geostrophic velocity cross-sections. 
The results from these are compared with the results taken using LNM 500 and 1000 
dbars. 
2. Temperature 
Temperature profiles of the stations can be described better if they are first di- 


vided in three distinct zones as follows: 


¢ “Surface Zone”. This zone starts from the surface and extends downward to 100 
dbars. This is the zone which is affected strongly from the atmosphere so the 
changes in temperature are abrupt and distinct. One important characteristic in 
this laver is the variation of the mixed laver depth (MLD). Starting from the shore 
(Figure 6) the MLD 1s very shallow and lies between 10 to 30 dbars. As the distance 
mecreases the 4iLD inereases too, reaching 80 dbars at stations far offshore” Ierom 
Station | to Station JS strong spatial changes of temperature occur, giving an idea 
that diferent water messes are in the area. At Station | the Water temperatures 
the lowest. from Station I to Station 5 (22 Kim offshore) increases, further offshore 
to Station 9 (42.4 Kin offshore) decreases. Stations 9 and 10 mark the boundary 
of two different water masses. From Station 10 to Station 13 an increase of the 
Water's temperature is shown and further offshore to Stauon 16 a decrease. The 
picture becomes more clear offshore from Station 16 where continuous increase of 
the water's temperature is shown. 

Another interesting feature in this zone 1s the upward slope toward the east 
of the isotherms in almost the entire range from shore to Station 18. This will be 
discussed later in detail. 


e “Second zone or Thermocline”. ] name “Thermochne” the zone from 100 to 1000 
dbars to include all that happens in the lavers where the temperature decreases 
(first rapidly and then slowly) until the water gets its permanent temperature at 
depth. Comparing the temperature profile of all the stations in this zone with that 
in the previous described zone, we see that temperature reveals the same trend in 
variability as in the previous with smaller magnitude. The upward bend of the 
isotherms close to the shore continues until the depth of 130 dbars and becomes 
steepest inshore. Below 130 dbars the isotherms bend downward and this happens 
until the depth of 600 dbars. 

Connecting these observations with those in the previous Zone, we can say 
that: 
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5. Spatial vartation of temperature 


I:xcept at the coast. relatively colder water can be distinguished between 
Diations band Otionr iiribars6 1-deptivol OC0sdbats: apeve 100 ii. Jens 
of warmer Water 1s found. 


From Station 9 to Station I] the isotherms bend upward showing a cold water 
niiss at the surface, coning ultimately from greater depths. 


Between Stations I} and 16 warm water core can be distinguished in the upper 
(iVens. 

Between S00 and 1000 dbars there is a “ridge” of cold water at Station 18 which 
scparutes warm inshore water from warm offshore water. 


Close to the shore strong upwelling occurs in the upper lavers above to thie 
depth of 130 dbars. 


e “Deep waters zone” This zone includes the waters below 1000 dbars. At this zone 
the horizontal temperature remains almost the same for all the stations and a rather 
strong layering of the water is observed. This can be concluded by the fact that the 


1y 


isotherms are almost horizontal and as the depth increases the temperature gradi- 
ent becomes smaller. 


Temperature variability between station pairs decreases with depth. For some 


station pairs the above rule fails in that the differences in temperature between the 


stations are greater at greater depths giving an idea that these stations are the limit of 


two different water masses. 


3. Salinity 


Vertically, salinity in general inereases as the depth increases. Jlorizontally 


Salinity varies as follows: 


“Surface zone” (Surface to 100 dbars) From Station 1 to Station 5 (Figure 7) 
salnuty decreases showing minimum at Station S. Further offshore to Station 9 
salinitv increases showing maximum at Station 9. Station 9 Is the center ofa local 
salinity high between the fresh offshore water and the fresh water centered at Sta- 
tron 5S. Westward from Station 9 until Station 18 salinity decreases presenting 
nununum value at station 18. From Station I8 to Station 22 salinity imcreases 
slightly. In general the water mass landward from Station 9 is salter than that 
olflshore from Station 9. As in the temperature case, the salinity isohalines present 
upward sloping close to the shore starting from a depth 130 dbars. This means that 
salty water rises from this depth close to the shore and amplifies the assumption 
of upwelling. 


“Tafocline” (100 to 1000 dbars). The picture is almost the same as in the surface 
zone with the difference that the changes of the salinity are not so large in magni- 
tude. Tlorizontalfy in this layer we can distinguish two salinity peaks. One 1s at 
Stations 8 and 9, between the surface and 200 dbars, and the other at Station 16 
between 200 and 1000 dbars. A relatively large horizontally salinity variability oc- 
curs between 300 and 600 dbars landward of Station 15. This gives the idea that 
strong current shear mav occurs at these depths. At depths greater than [30 dbars 
isohalines slope downward when close to the shore. 


“Deep waters zone” (1000 to 4000 dbars). Here the isohalines are almost horizontal 
presenting strong lavering and the changes of the salinity with the depth are verv 
sinall. No sloping of the isohalines is observed when these close to the shore as in 
tlie previous zones: 


The positive saline gradient with depth is greater at the upper 200 dbars and 


especially close to the shore, and becomes smaller as the depth increases. Salinity dif- 


ference between the stations pairs (igure 8) closes to zero after a depth. This may give 


an idea where strong motion of the water masses occur, or Where the level of no motion 


is. This depth varies and it is observed that going offshore the depth where the difference 


closes to zero increases. 


4. Density 


From density profiles of the Stations (Figure 9) it is observed that denser water 


exists closer to the shore and lighter offshore. 
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Figure 6. =Mixed Layer Depth variation 


Describing the density profile of the stations in the same wav as for temperature 


aime Salinrty, we have: 


"Surface zone”. From Station | to Station 9 we observe first a decrease of the 
dJensitv until Station 5 and then an increase until Station 9. A’ surface density 
maximum is located between Stations 8 and 9 which indicates a surface velocity 
shear. Offshore from Station 9 to Station 19 there is a continuous deerease of 
densitv. This gives the idea that water masses of different characteristics flow in the 
area. Bevond Station 20, the upper laver density is quite homogeneous. Concluding. 
in this zone the denser surface water exists close to the shore and the lighter off- 
SIOre: 


"Pycnocline”. As in the upper zone, in this zone the denser water is generally close 
to the shore and the lighter offshore. Between 130 and $00 dbars the 1sopycnals 
slope upward toward the cast except tmmediately adjacent to the bottom. Below 
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Fieure 7. Salinity distribution 


S00 dbars the isopyenals are increasingly horizontal. In general in this zone density 
reveals the same trend in variability as m the previous zone with smaller magnitude. 


© “Deep waters zone” Below 1000 dbars the isopycnals are almost horizontal and the 
density gradient very small. 

Looking at the whole picture we see that in the upper layers the density gradient 
with depth is large. As the depth increases the positive density gradient decreases and 
below 1000 dbars the gradient becomes almost zero. 

5. Teniperature/Salinity characteristics 
Because the water masses mix with the surrounding waters very slowly, they 


tend to retain their original temperature and salinity. The distinctive temperatures and 
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salinities of these masses inake it possible to identify them. The identification gives us 


information on their place of origm and the rates at which waters of different origin mux. 


The T/S diagram generated using the data from June 1990 (Figure 11) can be 


studied, again by using distinct depth zones. 


The first zone ranges from the surface to 150 dbars. This zone includes the water 
lighter than densitv anomaly (1) 26.2 kein As can be seen in the diagram at the 
surface We can distinguish two different water masses, one between Stations | and 
IS and the other between Stations 14 and 22. Ihe denser and colder water is at 
stations closer to the shore and the lighter and warmer offshore. In the upper 100 
dbars more stable water lies at Stations | to 16 and [ess at Stations 20 to 22. 


— 


The second zone ranges from 150 to 300 dhars (26.2 to 26.6 kg'in’). At ths zone 


the water masses of all the stations present almost the same characteristics and 
have the sane stability. 


Proeceding deeper to the third zone for 300 to 700 dbars (26.6 to 27.2 kg, m*) the 
picture from the T/S diagrams is more complicated and interesting. At 400 dbars 
Stations 12 and 13 present colder and less saline water than all the other stations. 
rom 400 to 700 dbars Stations 17 and [8 present colder and less saline water in 
all the range of the depth. Water mass of stations 12 and 13 1s less stable than the 


Water mass of the other stations and at Stations 17 and 18 more stable than all the 
other stations. 


Deeper than 700 dbars the water mass of all the stations has the same character- 
istics and stability in all the range of depth. 
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Figure 9. Spatial distribution of densily 


Relating these observations with the water masses refered to mn a previous par- 
agraph and Tables 3 and 4 we have: 


e In the upper zone (0 to 150 dbars) North Pacific Subarctic Water mass mixing with 
North Central Pacific water is shown. Stations far offshore show greater temper- 
ature due to location and remoteness from coastal phenomena (upwelling). 


¢ Subsurface water, signified by the salinity high near the shore and more uniform 
at depth, causes the bend of the 1/S curves to the right. Small variations in salinity 
and temperature at some stations 1s observed which make the picture more com- 
plicated. Stations 12 and 13 show colder and less saline characteristics at the depth 
of 400 dbars and similarly at Stations 17 and 18 mn the range 400 to 600 dbars. The 
presence of this variability suggests a complex flow reginic. 


¢ Deeper than 700 dbars Deep Water dommiates in all the range of the depth. 
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Figure 10. Density differences between the stations in pairs 


6. Spiciness 

The following paragraph of the definition of spiciness was taken from Tisch 
(1990). 

"Spiemess ws) is the state wanable winch as most Sensitive tO 1sopvcnal 
thermohaline variations and least correlated with the density field (Plament 1986). 
Spiciness is useful for the description of interleaving and double diffusive processes 
which occur at the boundary between different water types. Waters which are warm and 
salty have positive z values while those which are cool and fresh have negative z valucs’. 

[rom station | to station 22 in the upper 50 dbars the spiciness has positive 
values. The positive scale of the spiciness. ranges from 0 to 0.7, with the greatest values 
on the surface and far offshore (Station 22). The high temperature on the surface at 
stations far offshore froin Station 1S is the reason for positive spiciness values until the 
depth of SO dbars although low salinity water flows in the area. At greater depths the 
spiciness profile has negative values below the depth of S50 dbars. Below 50 dbar, a lens 
of negative spiciness exists at some stations. Tlowever, at 200 dbar, a layer of positive 
spiciness is found again. This layer shoals toward the coast with a ult similar to the 
isopvenals, reflecting coastal upwelling. At depths greater than 300 dbars and in all the 
range offshore (Station | to Station 22) only negative values of spiciness are shown. 


Between 300 and 600 m., large variations in the depth of the -0.1 spiciness occur inshore 
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Figure (i. T/S characteristics 


of station 18. This indicates the discontinuous character of undercurrent waters noted 
in the above discussion of T/S properties. 
7. Level of no motion 

Parts of the following theoretical description of the LNM are copied from 
lomin (1964). 

a. Defant'’s method 

Although there is not a universal objective method for determining the layer 

of no motion, I tried to find the level of no motion by Defant’s method (1941). Ac- 
cording to this method, which is a method used tn the open ocean, the Ievel of no motion 


or the level where the current’s speed is very small, is determined by differencing the 
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Figure 2. Spatial distribution of the Spicines 


dynamic depths of isobatic surfaces ata great number of pairs of neighboring stations. 
“The constancy of differences in dynamic depths indicates that the gradient component 
of current velocity ts constant along the vertical in that laver.”. By Defant’s method it 
is accepted that the depth, or the range of the depth, where the differcnees in dynamic 
depths are constant is the laver of no motion. “Indeed, the curve for the vertical dis- 
tributron of differences in the dynamic depths of isobaric surfaces ts identical with the 
curve for the velocity component of the gradient current that is normal to the profile. 
It is sufficient to multiply the difference in dynamic depths by (QwLsind) ' to obtain the 
velocity of the gradient current with an accuracy to the constant value. This constant 


valuc 1s cqual to current velocity at the sea surface. So Decfant’s method of detcrmining 


the “Level of No Motion” is based on analvsis of the vertical variauion of the velocity 
of the current being computed by the dvnamic method.” 
b, Open ocean assumption 
“The strict constancy of differences in the dynamic depths of isobaric sur- 
faces of some depth interval means that the mcrements in dynamic depths between two 


levels are equal at (wo neighboring stations Le. 


AD, =ADz (1) 
OF 
Pr+\ Pret 
{cap = (| ac (2) 
; Pn Pa 
where: 


© AD, and AD, are the increments in dynaniuc depths between the tsobaric surfaces 
p, and p,., at stations A and B and 


® « is the specific volume of sca water. 


“Geomcetrically the above cquation means that the areas formed by the 
curves for the vertical distribution of specific volume between surfaces p, and p,., are 
equal at stations A and B. [fence there is at least one depth in the (p,, p,.,) interval where 
the specific volume of water ts the same at stations A and B. If the distance between 
hydrological stations ts small there is at least one horizontal isostere in the [p,, p,.,] 1n- 
terval and the slopes of the tsosteric surfaces must be opposite m sign above and below 
ites 

C. Results for data of June 1990 

Figure (13) shows the vertical distribution of the differences in dynamic 
depths of tsobariec surfaces along the Point Sur Transection. The arrows designate lavers 
with similar differences in dynaniuc depths, suggesting the reference layer depth. 

As we can see from the graph, the selection of the depth of the layer of no 
motion is somewhat uncertain. Close to the shore the depths where similar differences 
occur are shallow (less than 700 dbars), further offshore the depth increases and in some 
cases becomes greater than 1000 dbars. 

The first two curves (differences in dynamic depths between Stations 4 and 


5 and 5 and 6) show great change with depth, which means that the change of the cur- 
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Figure 13. Differences in dynamic heights of neighboring stations. The arrows 


designate Where the vertical gradient of dynamic depths are similar be- 


tween stations. 


rent velocity with depth is large. The curves offshore from Station 8 exhibit a slight 
change with depth except between Stations 10 and I] which show remarkable change 
at depth 800 dbars. The above lead to the assumption that Stations 4, 5, and 6 he on 
the main stream of a current flowing northward whose the velocitics will be discussed 
later in the geostropliic’s velocity section. Offshore from Station 8 we expect slight 
change in the velocities (mainly at depth) and a northward core at Stations 10 and EH] in 
depth. 

In many cases, as it is shown in Figure 13, we have more than one depth 
where the layers with similar differences in dynamic height occur. According to Defant, 
in this case the investigator has to decide the correct depth of LNM. In my case, | 
checked the the dynamic height differences between the stations in pairs with the 
Pegasus and ADCP results. 1 decided that a LNM between 500 and 600 dbars it is the 
most appropriate to be used to study the undercurrent close to the shore. This LNM 
cannot give good results if we want to check the currents further offshore. In this case 
a LNM greater than 700 (S00 dbars looks to me most appropriate) has to be used. To 
get better picture of the current’s velocity in the area using only one LNAI for all the 


stations, I decided to use LNM_ 700 dbars. In this depth most of the differences show 
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constancy with depth and the Pegasus results give zero V velocity. I believe that 
landward of Station 9 the use of 500 dbars as LNM _ gives better picture of the under- 
current, Olfshore from Station 9, use of 800 dbars gives the better picture. 

ad. Differences tn density between the stations 

Another way to estumate the LNM is from the difference in density between 
the stations pairs. [tis based on the same principles of the Defant’s method and it comes 
through the theory which it is described in detail in Fomiun (1964). The result is that the 
LNM can be estimated to be the depth where the horizontal pressure gradient between 
stations 1S zero. 

Following the above I tried to find the depths where the difference in den- 
sity between the station pairs is equal to zero. | found that going offshore the depth 
Where the difference of densitv closes to zero increases. Landward of station 8 the depth 
Where the difference closes to zero les between 400 and 600 dbars. further offshore 
ranges between $00 and 1100 dbars. 

Comparing these results with the results from the Defant’s normal method 
(differences of dynainic height), | decided that the level of no motion for the Stations 1 
to § is about 600 dbars and for the stations further offshore, 800 to 1000 dbars. 

e. = Salinity variation between the stations in paws 

The above results become more rehable when we compare these with the 
salinity distribution. If we take into mind that the water velocity shear causes salimity 
variations and, from the other side, motionless water usually is homogencous, then tak- 
mg the differences in salinity between the stations in pairs we get about the same results 
as above. 

The depth where the difference in salinity closes to zero landward of Station 
§ is about 400 to 700 dbars, at stations offshore from Station §, 800 to 1100 dbars. Most 
of the stations show a depth 600 dbars. So based on all the above I decided to use as 
LNM 700 dbars as the most representative for the area to procecd findivemine 
gcostrophic Velocities. 

8. Dynamic topography : 

a. Dynamic topography for 500 dhars 
For the first 4 stations the programs didn’t give dynamic height values. 
Further offshore “High” and “Low” occur as are shown in Figure 14. From Station 5 to 
Station 9 (23 - 42 km) the dynamic height decreases giving the lowest value at Station 
9 (42 km). Offshore from Station 9 the dynamic height increases giving the highest value 


at Station 20 (150 kin). According to the above we can say that landward of Station 9 
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Figure l4. © Dynamic topography for LNM 500, 700 and 1000 dbars 


we expect flow going northward whose the velocities will be given in the geostrophic 
velocitics plots. Station 9 it is expected to be the limit of two different flows. Duc to 
continuously increasing of the dynamic height values offshore from Station 9 a broad 
southward current it is expected until Station 18 (100 km), and southeastern untl Sta- 


tion 20. Further offshore to Station 21 (190 km), the direction of the flow is expected 


to change to the northwest. 


b. Dynamic topography for 700 dbars 

Por the first 5 stations the DYNIIGT program didn’t give values of the 
dynamic height because the stations are too shallow for the LNM 700 dbars. From 
Station 6 to Station 9 (29-43 kim) the dynamic height decreases showing the smallest 
value at Station 9. Further offshore from Station 9, the dvnamic height values increase 
giving the highest value at Station 20 (150 km). From Station 20 to 21 (190 km) the 
dynamic height values decrease. To connect this changing of dvnamic height with the 
water flows which we expect, we can sav that from Station 6 to Station 9 we expect a 
northward current whose the offshore limit is at Station 9. Further offshore to Station 
20 we expect a broad southward current and more offshore to Station 21 a northwestern 
flow. 

Taking mto account the dvnamic height differences between the station 
pairs we expect the core of the northward current close to the shore to be between 
Stations 5 and 6 (23-29 km). The velocities of this current will be given later geostrophic 
velocities section. 

c. Dynamic topograghy for 1000 dbars 
Until Station 8 (38 kin) no dynamic height can be computed because the 
stations are too shallow for the used LNM. Further offshore the dynaimic height of the 
stations increases with the highest point at Stauon 20 (150 km). According to the above, 
from Station 9 to Station 18 (42-102 km) we expect southward flow. Between Stations 
18 and 20 (102-150 kin) southeastern flow and between 20 and 21] (150-190 kin) north- 
western. The tmportant mformation which ts given in this graph ts that the lowest valuc 
of the dyn. height still remains at station 9 so this station can be accepted as the 
landward linut of the broad southward current. 
9. Velocities 
a. Geostroplhic Velocities 
When high pressures are on one side and low pressures on the other, motion 
of the water starts from high to low. As the motion starts the Cortolis force acts and 
deflects the water to the right in the northern hemisphere. As the water is deflected the 
Coriolis force will always be perpendicular to the new deflected motion and turning of 
the current will continue until the Cortolis force opposes and balances the downhill 
component of the gravity force. When this stage ts reached the water will move along 
the topographic contours and geostrophic motion has been generated. This geostrophic 
motion will continue indefinetely if friction is absent. Profiles of the geostrophic veloct- 


tics have been drawn for 3 levels of no motion as follows. 
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Geostrophic velocities for 1 NAL 500 dbars. 

The big pieture includes a northward flowing current close to the shore 
and a southward current offshore from Station 9. Further offshore from Station 
IS southeastward fow itis shown which actually rs the southeastward component 
of the southward current which is mentioned before. 

The greatest depth to which the currents extend and the speed of the 
currents with depth vary as follows. The northward flowing current close to the 
siiore: frescnis theserentest specd at a depth 150: dbars and i 1s 36 cmosec. ‘The 
northward flow penetrates to 500 dbars between Stations 4 and 5. The southward 
flowing current shows the greatest speed at the surface (between Stations Tl and 
12 and Stations 17 and 18) and 36 cm/sec. [tis a shallow current and its greatest 
depth is 300 dbars. 


Geostrophic velocitics for LN 700 dbars. Trom Stavon 2 to Stauon 9 a 
northward current is shown. The core of this is located at Statron S and the max- 
mum velocity 36 em'see, Ollshore from Station 9 a broad southward current ts 
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Figure 16. © Geustrophic velocities for LNNM 700 dbars 


shown whose the maximum velocity 1s 32 cm/see and extends until Station 18. Due 
to the change tn the orientation of the lime of the casts from Station 18 to Statron 
20 a southeastern current ts shown which actually 1s the southeastern component 
of the previously mentioned southward flowmg current. Offshore of Statron 21 a 
northwestern flow 1s shown which 1s restricted in the upper 300 dbars. 


¢ Geostrophic velocities for LNM 1000 dbars. 
As in the previous case the big picture for LNM 1000 dbars is a northward flowing 
current close to the shore until Statron 9 (43 km offshore) and a southward current 
offshore from Station 9 to Station 18. Further offshore southeastward flow is 
shown until Statron 20 and northwestward unt} 21. The southeastward flow actu- 
ally is the southeastward component of the southward flow mentioned before. 
Greatest speed of the northward flowing current 1s 44 cm/sec, at 150 
dbars and the greatest depth 800 dbars. The southward flowimg current shows 
preatest speed 32 cm/sec at sutiace and Sheatest depilr 9OUmdbars. 


34 


POINT SUR-JUNE 90 aes 
GEOS. VEL. (CM/S) 10 KM 


ee 2] 20 19 lo 116 -lolelaciyOG8 2oes 4532.) 


400 


Pressure (db) 


600 


B00 





1000 


220.200: 180 . 160 140 120 100 —80 60 40 20 0 
Distance from Shore (km) 





Figure 17. Geostrophic velocities for LNM 1000 dbars 


All three LNM give about the same picture; a relatively strong northward 
flow close to the shore and a southward flow further offshore of Stauon $ or 9. Trying 
to compare the results from the three used LNM, we see that as the depth of LNAI in- 
creases stronger northward velocities are shown close to the shore. More, as the depth 
of the LNM increases the northward flow is shown wider reaching to a distance 72.5 km 
offshore (Station 15). The results from these have to be compared with the results from 
Pegasus, ADCP and AVIIRR for better results. 

Something which wasn’t mentioned in the three geostrophic profiles, but 
which is present in Figure 16, is the southward flowing coastal jet. This is the result of 


the strong favorable for upwelling winds and it 1s restricted close to the shore. {It pre- 
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sents its maximum speed at surface which 1s 10 cm/sec. It is a very shallow current 
carrying mainly cold upwelled waters. 
b. Pegasus Velocities 

(1) JV Velocities. As was mentioned ina previous paragraph, the starting 
point of Pegasus survey is 33 km offshore. The first seven stations start from 36°20.12 
N and 122°16.22 W and extend westward, laying on the same parallel and are at 10 km 
mtervals. This arrangement gives the advantage for better covering of the area closer to 
the shore and the chance to study the current close to the shore. 

To study the currents in the area with Pegasus, J found the V veloci- 
tics first for the drops 258, 259, 262, 263, 266, 208, 269, 272, 274 (first rum) andsseeamm 
for the dems 2607 2618264, 265) 270, 27 ea? a ceeande nn): 

To examine the relationship of the V velocities in each station for the 
first and second run in the upper 400 dbars, | averaged the V velocities in bins of 20 
dbars and examined the mean and the standard deviation of the V velocities horizontally. 
As it was expected the the greatest northward mean velocities occur close to the shore. 
Olfshore from Site C4 the mean velocitics are southward until Site C9. Site C9 shows 
again weak northward velocities in all the range of the depth (400 dbars). The greatest 
values of standard deviation occur at sites close to the shore and upper lavers and the 
smallest offshore. This gives an idea that the northward undercurrent close to the shore 
experiences great V velocity variations caused by different forces, as for example mertial 
motion, Winds, 1nternal waves, tidal waves, etc. Current meters data for the same period 
show that the inertial motion can cause variation of the California Undercurrent’s ve- 
locity of up to 4 cm/see. Tidal constituents can affect the current’s velocity up to 6 
cm/sec (Sielbek, personal communication). Taking these information into account, we 
can justify somewhat the large valucs in standard deviation. But I believe that further 
study of the problem with current meters data is needed for better results. Of course m 
these high standard deviation indications we cannot exclude the device's errors and po- 
sition errors (different position of measurement tn the first and second run). 

The average velocity of the two runs should cancel some of the effects 
from all the factors which cause the variations and give a more integrated picture of 
What happens in the area. Vigure 18, which gives the average velocity cross section, 
shows details of three flow regimes. Poleward flow is shown in the upper 700 dbars until 
the distance 72 km offshore. Vhis current 1s strongest at the upper layers (almost the 
surface) and weakens as the depth increases. The maximum speed of this is 32 cm/sec, 


the core of which 1s located at a depth 40 m. 
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Figure 18. Pegasus V Velocities. Average velocities of the runs 


Olishore tronmy Pegasus sie C5472 km) to Sie C7 ain cuuatorwan 
flow is shown in the upper 1400 dbars. The greatest velocities are on the surface. The 
core of this flow is located at 102 km offshore and the greatest speed ts 24 em:sec. The 
southward flow extents to a distance 180 km offshore. 

lurther offshore from 180 km the flow becomes northward but the 
speed of this does not exceed to 10 cmisec. The vertical extent of this far offshore 
poleward flow is 800 dbars. At depths greater than 1500 dbars the alongshore velocities 
are southward and in most places are almost zero. 

Relating these results with Chelton’s suggestions (alongshore 


geostrophic velocities at 150 dbars < 10 em‘see and southward flow during June), we 


conclude that the velocities in this case are much different than that of Chelton’s, who 
suggested southward flow during this period. Comparison of these with the geostrophic 
velocitics for LNM 700 dbars discussed before, gives the same picture. Strong northward 
flow close to the shore and southward less strong Now offshore from Station 9. At depth 
the northward flow close to the shore flow extends further offshore to Site 12. Com- 
paring these results with the geostrophic velocities of previous studies of NPS students 
for about the same period, (Table 2) it is observed that these velocities are higher. 

igure 19 gives the cross section of V velocities for the first and sec- 
ond run and the opportunity to check for the differences or similarities between the two 
runs. The first run shows a strong northward flow close to the shore extending 83 km 
offshore and at a depth 650 dbars. The greatest speed of this is 32 cm/sec at a depth 50 
dbars. At distances greater than 83 km offshore, a southward flow is shown which ex- 
tends untl 190 km offshore. This southward flow looks slower than the previous 
northward, but wider and shallower. The greatest speed of this is 24 cm/sec on surface 
and decreases downward. Some southward and relatively strong cores appear to be 
generated at depths but below 1500 dbars all these diminish so at greater depths no 
motion is shown. Further offshore from 190 km northward flow appears with small ve- 
locitics (smaller than 8 cm/sec). These northward velocities extend downward to 800 
dbars. Deeper than this depth weak northward cores appear in all the range of the depth 
(4000 dbars). 

As in the first run, second run shows a strong northward flow close 
to the shore extending at the surface 95 km offshore. This northward flow ts strong in 
the upper lavers and weakens as the depth increases. The greatest speed of this flow ts 
32 cm/see at a depth 30 dbars and closes to zero at a depth 700 dbars. From 95 kim 
offshore to 190 km offshore a southward flow is shown. This southward flow ts stronger 
at the upper layers and weakens as the depth increases. Maximum velocity of this flow 
is 28 cm/sec at a depth 30 dbars and weakens as the depth increases. Some cores of 
stronger southward flow are shown at depths greater than 500 dbars to 1300 dbars, 
which diminish after 1300 dbars. Offshore of 190 km northward flow again is shown with 
smaller velocities than the previous two flows. This northward flow extends downward 
to a depth of 1000 dbars, at greater depths no water motion is shown. 

Both cross sections show clearly the California Undercurrent flowing 
northward with the core located at a distance Iess than 33 km from the shore and depth 
50 dbars. The width of the northward Nowing undercurrent on the surface in the second 
run is greater than the first leading to the assumption that external forces as the wind 
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Figure 19. = Pegasus V Velocities. Top first run. Bottom second run 


and tides may affect the undercurrent at surface. This may be related to the NW wind 


because the winds become stronger durmg the time interval from the first measurement 


of the Sites Cl and C2 to the second. It is expected such a wind will cause an offshore 
Increase of width of the northward flowing undercurrent. This increase is due to the 
Coriolis force which deflects the water to the right. The picture of the southward flowing 
California Current looks almost the same for the two runs giving the core at 110 km 
offshore. 

The tmportant conclusion is that in both cases the general picture 1s 
the same, presenting strong the northward flowing California Undercurrent and the in- 


Shore branch of the southward Nowing California Current. 
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{2) U Velocities 

As was done for the V velocities, } tried to examine the relationship 
of the U velocity for each station for the first and the second run looking at the mean 
and the standard deviation horizontally for every 20 bins. The standard deviation values 
show that the greatest variation of the U velocities between first and second run occurs 
close to the shore (Sites C1, ©2) and mainly in the upper layers. ‘The main reasons which 
cause these variations, it is estimated, are the same as for V velocity (tidal waves, wind, 
navigation errors, cte). Faking mto nund that wind can cause remarkable increase or 
decrease of the U velocities and checking how the wind velocity changes from the first 
to second run we expect such great values of standurd deviation. 

The conclusion from the study of the standard deviations of the U 
and V velocities is that the ereatest variations occur close to the shore, and mainly in the 
upper lavers. This leads to the assumption that an external factor mainly causes these 
variations. This external factor should be the wind, which causes the mertial motion and 
affects the current’s velocities or tides etc. Thus has to be investigated in the future with 
current meter data to forma better picture of the short term variability. 

Figure 20 gives the average cross section of U velocity including the 
results of all these factors which cause the velocity vanations. In this picture are ob- 
served three flow yeemies. The first one, close to the shore, 1s a westward surface current 
which starts from the surface und extends to a depth 750 dbars. This flow is stronger 
close to the shore and weakens as it extends offshore about 70 km. The maximum speed 
of 20 cm/sec is on the surface. The second regime is an eastward, landward flow starting 
irene 70 Kin olfshore and extending all the wav olfshore to Sites C9. The maximum 
speed of this is 20 cm/sec observed on a depth 160 dbars, but as the depth increases the 
current Weakens. Between Sites C8 and C9 this flow 1s extended to a depth of 650 dbars 
but between Sites C8 and C6 the inshore current extends all the way down to the bot- 
tom. 

Finally there is a weak offshore Mow between Stations C8 and C9 
which starts at a depth 650 dbars and extends downward to the bottom. This weak 
offshore flow doesn’t exceed the 4 cm'see and im most of the places is approxinately 
Zoro. W\Ss it 18 shown m ligure 25 we sce two centers of the flow. One center for tic 
offshore flow and one for the inshore flow. The center of the offshore flow is located 
close to the shore at a distance 30 km from the shore and depth 30 dbars. The center 


of inshore flow is located at a distance 155 kni offshore and ata depth 165 dbars. 
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Figure 20. Pegasus U Velocities. Average velocities of the runs 


To compare the U velocities of the first and second run, a description 
of the U velocities cross section follows for the two runs (Figure 21). The important 
conclusion from this description is that the picture of the two runs is about the same. 
The effects of an external force (most possible the wind) are shown clearly where 
strongest Westward velocities occur at the second run due to the increase of the wind 


force during the time period between the two runs. 
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Figure 21. Pegasus U Velocities. Top first run. Bottom second run 


The first run (the drop numbers given above) shows westward flow 


close to the shore until the Site C3. This westward flow extends downward to 700 dbars 
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below of which becomes eastward. Olfshore from Site C3 castward velocities are shown 
Which become stronger as the distance offshore increases. Largest velocities occur in the 
fst 300 dbars. At greater depths these velocities become smaller than 2 cm/sec. At 
distances 180 km offshore and below 1000 dbars weak westward flow occurs. As the 
depth increases this weak westward flow approaches to zero. 

The second run gives about the same picture as the first run. Close 
to the shore westward velocities occur, which at the surface are stronger and reach to a 
distance. of 82 km offshore. As the depth increases the speed of the westward flow be- 
comes smaller and below 1500 dbars depth no westward flow occurs. Offshore from 
Station Co a stronger eastward flow occurs. The strongest velocities occur close to the 
surface and reach to a value of 16 cm/sec. As the depth increases the flow weakens and 
at the depth of S500 dbars no castward motion is shown. Deeper than 500 dbars (600 to 
800 dbars) an eastward flowing core is shown which disappears after 800 dbars. In 
greater depths no water motion ts shown. 

(3) Pegasus plan view ; 

Figure 22 presents the Pegasus determined: velocity vectors at three 
depths (10, 110 and 210 dbars). Phe Undercurrent flows northward following the local 
trend of the isobaths with a larger offshore component at the surface. The surface flow 
may be influenced by the local upwelling at Pomt Sur. The flow reversal scen at Site C6 
marks the transition from the Undercurrent to the California Current. Farther offshore 
at C9 the meander tendency of the.Cahfornia Current 1s observable by the velocity vec- 
tors. 

c ADCP Felocities 
To get the ADCP U and V velocity profiles, | used the time that Pegasus 
Instrument Was dropped into the water and the time that the Pegasus surfaced. On the 
basis of these times and using 30 minutes time intervals (15 minutes before and 15 min- 
utes after) | plotted the U and V velocities for the first and the second run as defined for 
Pegasus. This allows a good comparison of ADCP and Pcgasus data. 
(1) V Velocities 
Thetaveraee ADCP VY velocities cl tle toms show. 


¢ Close to the shore to a distance 65 km offshore, poleward flow whose the maxnnum 
speed ts 32 cm/sec. The core of this poleward flow is at a distance 32 km offshore 
and the depth 40 dbars. The greatest depth of this poleward flow is 340 m. 


¢ From 65 km offshore to 170 kin offshore equatoward flow occurs. The core of this 
flow is at 110 kin offshore and the at a depth 30 dbars. The highest speed 1s 28 
cm/sec and occurs close to the surface. In general the speed of this current 1s 
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Figure 22. Pegasus true velocities 


smaller than the speed of the poleward flow close to the shore. Further offshore 

from 170 km the flow is again northward but quite smaller than the mshore regions. 

To examine the relationship (stmilartties/differences) between the two 

runs a description of them follows which shows clearly that both of them give the same 
results with the exceptions that mn the second run: 


¢ The northward Nfowing Cahfornia Undercurrent extends further offshore than in 
the first and 


e At distances greater than {70 km there was no northward flowing current on the 
Surface. 
Both exceptions lead to the assumption that phenomena like mertial motion, wind or 


tidal waves affect the currents in the area. 


Figure 23. 


to the shore until a distanse 40 km offshore. This strong northward flow occurs in all the 
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ADCP V Velocities. Top first run. Bottom second run 


ADCP V velocities for the first run show strong northward flow close 
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range of the depth (400 m) with almost the same strength. Irom 40 to 170 kin southward 
flow occurs. This flow is shown stronger in the upper layers and weakens as the depth 
increases. [he greatest velocity is 28 cm sec at a depth of 30 dbars. Last, offshore from 
170 km northward flow is again shown with stronger velocities at surface. These extend 
to whole the range of the depth 400 dbars. 

V velocities of the second run present quite the same picture as in the 
previous case. The only dillerence is that in the upper 30 dbars and offshore froin 170 
kin, we don’t get the northward weak velocities as in the previous case, but these start 
after this depth. 

Comipanng the AICP V velocities plots with the Peeasus V veloci- 
ties, we see excellent correspondence. Northward flow close to the shore in the upper 
700 dbars (this depth cannot be scen in the ADCP plots) with greatest speed 36 cm/sec, 
and southward weaker bevond 42 km offshore at surface and 60 km at depth. Offshore 
from 170 km northward weak flow again oceurs. 

(2) U Velocities 
iheavermec U*velocitics show, 


e Close to the shore a westward flow, with the veloaty greater at the surface and 
decreasing as the depth increases. The westward flow is shown in all the range of 
the depth (400 m) and it is stronger closer to the shore. The offshore limit of this 
Moxis at 35 kin from the sliore. 


© At 35 km offshore an eastward Now whose the velocity increases as the distance 
offshore increases. At 115 kim offshore the eastward flow reaches its maximum 
speed on the surface. burther offshore the surface speed decreases. 


© At 175 kin offshore. a westward flow appears. This flow occurs only at surface 
because below 60 dbars an eastward and relatively strong core flows which extends 
downward to 400 
ADCP U velocities for the first and second run give the same picture 
In the area. 


e Westward flow at the surface close to the shore, which shows 1n a distinct way the 
proccess of the upwelling and 


e Eastward flow at distances greater than 45 km from the shore to 165 kin. 


° Weak westward flow again after 165 kin offshore. 


Comparing this with the results from Pegasus measurements we get 
an excellent correspondence. Fable 9 gives an integrated picture of U and V velocities 


Meche-ares piersuyed. by the AICP. 
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Figure 24. ADCP V Velocities. Average velocities of the runs 


10. CUC Transport 
The CUC transport was calculated by first dividing the whole cross section of 
the CUC in smaller sections and then was taking into account the most appropriate 
speed for the section. The result is that the Undercurrent’s northward transport during 
June 1990 was 2.9 Sv. Relating this value with previous results we see that the CUC for 


June 1990 shows a medium size transport. 
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Figure 25. ADCP U Velocities. Top first run. Bottom second run 
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Figure 26. ADCP U Velocities. Average velocities of the runs 


The Advanced Very Iligh Resolution Radiometer (AVITRR/2) mstruments, 
carried on the TEROS-N/NOAA series of polar orbiting satellites, are used to obtain Sea 
Surface Temperature (SST) images for the study region. The AVIIRR/2 instruments 
measure emitted radiation in five wavelength bands, visible (0.6-0.7 4 m), near mnfrared 
(0.7-It ye m), and thermal infrared (3.5-3.9 » im, 10.5-| Seana sine the themmateie 


bands enables estimation of the sea surface temperature, correcting for atmospheric 
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Figure 27. AVHRR IR Image 


contamination (McClain et al. E985). The satellite data were first calibrated and navi- 
gated to Earth coordinates. When possible, temperature was computed pixel by pixel, 
followed by land masking and cloud detection. 


Data for 20 June 1990 are given m [igure 27. Starting from offshore to thie 
southwest the ocean is obscurred by a warm cloud which extends to the northeast half- 
Par ebemvcen the Stations 19 and’ 20.) lhe wan temperature of the cloud indicates that 
this is very low. The rest of the image appears clear over the ocean. Tour distinct cold 
Water sources are observed north of 35° N. One at Point Lopez, second at Point Sur, 


thc at Pt Ao Nuevo (noitiy of Santa Cruz) and the last at Pt Reves.. Plunies of cold 


water (light grey) extend away from these sites. The Pt Sur transection at 36°20" N ap- 


Table 9. SUMMARY OF THE ADCP RESULTS 
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Stations I-5 and 10-15. Offshore of Station 15S warm water (dark grey) appears again 
whose the temperature increases as the distance offshore increases. 

The satellite image related with the velocities and phenomena discussed previ- 
ously suggest that the cold water close to the shore comes from Pt Sur. Offshore the 


water is strongly affected bv a cold plume derived from one of the northern sites. 


a) 
ti 


According to the velocity descriptions off Point Sur, close to the shore warm 
poleward flow extends to a distance 75 km offshore with the core at 33 km. In addition 
westward flow takes place strongly aflected by the wind stress and amplifying the up- 
Welling in the area. The above leads to the conclusion that close to the shore the waters 
coming up are mixed with the warm northward flowing current and lic in the area ¢ex- 
tending westward. The strong upwelling close to the shore extends offshore to Station 
5. Between Stations S$ and 10 there is a tongue of warm water separating plumes of 
colder upwelled water. 

Offshore from Station 10, as it was mentioned carlier, cold waters again appcar 
on the surface. Recalling the velocities section described before. offshore from Station 
10 the California Current appears on the surface flowing southward. This gives the idea 
that waters conung from the north are in the area. Figure 27 shows clearly the phe- 
nomenon. The cold waters appearing in the area are the waters of the two northern 
upwelling centers. These waters came up from a depth and then because of upwelling 
favorable winds were drawn southward and alfect the area between Stations 10 and 15. 

Further offshore from Station 15 warni waters cover the all area beconiunieg 
warmer as the distance offshore increases. Ilere the upwelling centers do not affect the 
Seay sUriace teiperature. 

Stations 20 to 22 are under the clouds and the sea surface tempcrature cannot 


be detected. 


B. DISCUSSION 

The poleward undercurrent over and along the continental slope has been observed 
at several latitudes between Baja, California and Vancouver Island. According to Tibby 
(1941) and Reid (1958) indirect evidence of this flow is clearly visible in the large-scale 
tempcerature-salmity characterisucs of coastal waters as northward-tending tongucs of 
relativcly warm, saline water. More detailed studies of particular regions also show a 
concentration of waters of more southerly origins along the continental margin (c.g., 
Wickham, 1975; Reed and Ilalpern, 1976). Chetton (1984), from an analysis of CalCOF I 
sections off Point Sur deseribes that the undercurrent off Poit Sur, is confined to the 
continental slope region within 75-100 kin of the coast. This nearshore poleward flow 
at depth is absent March-May. It first appears in June-July and is present through 
February. The poleward flow extends all the way to the surface from October through 
February with maximum poleward velocity at surface in December (14 cm/sec). During 


the remainder of the year the maximum poleward flow is below the surface. According 


a) 
on) 


to the same study, the undercurrent off Point Sur was never observed in June and only 
weak poleward flow has ever been observed in July. The diagrams exhibited in his report 
giving the seasonal ume series of alongshore geostrophic velocity at the surface and 150 
dbars with respect to LNM 500 dbars show southward flow at surface and zcro velocities 
at 150 dbars during June. 

Data from June 1990 clearly show that the colder waters are closer to the shore and 
the warmer offshore. Salinity cross section shows that the more saline water ts close to 
the shore. The background knowledge about the physical phenomena in the area during 
this period gives the information that this perrod ts the upwelling period and low tem- 
perature and high salinity waters are expected mn the arca. Temperature and salinity 
profiles (Figures S, 7) give the picture that water masses of more southerly origins flow 
along the continental margin. This can be concluded bv the fact that a core of relatively 
warm and saline water flows northward surrounded by colder upwelled saline water. The 
offshore limit of this northward flowimeg core is located between 60 to 70 km offshore and 
Vertically extends from surface to 700 dbars. As the geostrophic velocities and V veloc- 
ities of the Pegasus and ADCP data show, on the surface this northward flowing current 
is narrower but at depth of 200 to 300 dbars gets its maximum width of 60 to 70 km. 
These results agree with the countercurrent described by Sverdrup and Fleming (1941). 
In my case the countercurrent 1s observed at the surface too. Refering to the more re- 
cent descriptions of the undercurrent/countercurrent at Pomt Sur by Chelton (1984), 
June 1990 data show a much different picture. Chelton determined that the undercurrent 
Wasnt observed in the years 1950 to 1979. The strong Undercurrent obscrvedicloseme 
the shore in June 1990 suggests that Chelton may not have had stations sufficiently close 
to shore. The lack of an Undercurrent may have been duc to the data distribution rather 
than real variability. 

The bend of the isotherms, isohalines and isopycnals upwards toward shore clearly 
shows the upwelling m the upper 100 dbars. Comparison of AVITRR and temperature 
section demonstrates that upwelling plumes are shallow features. This is in phase with 
the Sverdrup assumption that the upwelling water rises from moderate depths only, 
probably less than 200 m (Sverdrup and Tleming, 1941) and the phenomenon represents 
only an overturning of the upper lavers. Closer cxamunation of U velocitres measured 
by Pegasus and ADCP can give an idea of the upwelling in the area, which happens at 
a distance from the shore. In all the cases. far offshore a relatively strong eastward 
flowing core is observed at depths 100 to 150 dbars. This core shallows and weakens 


closer to the shore, giving the idea of the upwelling offshore. 


TS characteristics clearly give the expected water niasses in the area. As was de- 
scribed earlier, the equatorial water masses flowing northward in the area affects the 
Subarctic North Pacific water muss flowing southward and close to the shore creates the 
bend in the T/S characteristics. In the upper layers (surface to 150 dbars) we can dis- 
tinguish two different water masses. One of the them is for the stations close to the shore 
(Stations | to 10) and the other far offshore. T/S characteristics of the Stations 10 to 
15 (Gin the upper layers) lie between the T’S characteristics of the two masses. The first 
one (between Stations | and 10) has high salinity and low temperature, the second has 
low salinity and higher temperature. This construction clearly gives the picture of the 
I:quatorial Water mass close to the shore affected by the upwelling and the less saline 
Subarctic North Pacific water mass offshore. The product from the contribution of the 
two water masses is shown clearly just below the 150 dbars where the bend of the char- 
acteristics is shown. Another important point is at the depth of 300 to 700 dbars where 
Stations offshore from station 14 present T/S characteristics different than the other 
stations. This gives an idea that at this depth the northward flowing undercurrent, which 
carnies Equatorial waters, is restricted in the area close to the shore. Further offshore 
thessubarctic North Pacific water mass dominates. 

The Level of No Motion determination still remains uncertain because there 1s no 
method which guarantees this. Some of the most acceptable methods were applied and 
the result was that the most representative LNM was at 700 dbars. I believe that close 
to the shore the LNM is somewhat shallower. Offshore it becomes greater, but this has 
to be investigated by the current meters. An Indication for the LNM ts given by the 
salinity differences between the stations im pairs. These show that with a depth they tend 
to close to zero, viving an idca that below this depth the water motion in the area is al- 
most zero and the water is almost homogenous. The depths where the salinity differ- 
ences close to zero varies offshore. Close to the shore the zcro difference tn salinity 
between the stations is observed ut a depth of 400 dbars,. further offshore the depth in- 
creases reaching to 1000 dbars. Of course the depths where the differences in salinity 
close to zero cannot be accepted as the depth of the LNM because horizontal and ver- 
tical diffusion factors are taken into account, but still there is a good indication of the 
level where the motion is very small. Density differences between the stations give a 
better picture of the LNM depth. The reason for this was described analyticaly in the 
LNM section. The depth where the density differences close to zero and the range of 
depth where the dynamic height differences show constancy agree giving the results 


inentioned before. 


The geostrophic, Pegasus and ADCP velocities give an integrated picture of how the 
coastal jet, California Undercurrent and California Current look in June 1990. The 
California Undercurrent is the most important characteristic in the area, and for June 
1990 presents features much different than those described by Chelton (1984) using av- 
eraged data for many vears. According to the data of June 1990, the California Under- 
current off Point Sur is shown to occupy the area {rom Station 2 to Station 9 at the 
surface. Deeper (100 to 300 dbars) the Undercurrent becomes wider reaching to Station 
12. Deeper than 300 dbars it becomes narrower and extends to the depth of 700 dbars. 
The maximum northward velocity of this is shown at distance 25 km from the shore, 
depth 100 to 150 dbars and it 1s 36 cm/sec. The data give a different picture of the 
Undercurrent than this described by Sverdrup et al. in “The Oceans” (1960). According 
to them, the Undercurrent is a northward flow at depth 200 m. 

Relating the results for the Undercurrent from data of June 1990 with those from 
the previous seven cruises analysed by students of the Naval Postgraduate School, June 
1990 gives about the same picture. Tisch (1990), studying the seasonal variability of the 
geostrophic velocity and water mass structure Off Point Sur for the seven previous 
cruises, said that the Undercurrent core is located within 42 km offshore and in depths 
between 70 to 460 dbars on all cruises. The CUC was present at the surface in February 
1989 and November 1989 and subsurface throughout the remainder of the year. In 1988 
poleward flow at surface was only seen in November and inshore of Station 3. The 
Warmest and salticst waters were found at the depth of the CUC. Strong surface 
poleward flow was observed in May 1989 inshore of Station 5 as result of warmer fresher 
water found further offshore. In August of 1988 and July of 1989 strong poleward sur- 
face flow was also observed due to significant relaxation of equatorward winds which 
occurred 2 davs prior to the July cruise and during the August cruise. 

The above observations related with the results of June 1990 lead to the conclusion 
that the California Undercurrent exists close to the shore throughout of the vear within 
42 km offshore. The location of the core exhibits great variations in depth but generally 
small in distance offshore (almost all the values were between 15 and 28 km offshore). 
The possibility 1s not excluded that the undercurrent be observed on the surface as in 
February 1989, November 1989 and June 1990. 


IV. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The purpose of this study was to characterize the dynamic structure, transport, and 
water mass character of the California Undercurrent and California Current using data 
io dD. eeasius, ADC? andkA VIIRR, 

The California Undercurrent during June 1990, is remarkably strong and surfaced 
in contrast with the analysis of CalCOlT data by Chelton (1984). While some of this 
Variability ts real due to fluctuations of the Undercurrent, carlier observations did not 
have the spatial resolution to always resolve the flow. The maximum speed at the core 
is 36 cm/sec, located 33 km offshore. It is shown to be strongly affected by the wind 
force, at least in the upper 50 dbars. One day duration of upwelling favorable wind force 
Or one dav compensation may be cnough to remarkably change dimensions of the 
Undercurrent at surface. It is estimated that a greater than one day duration of the 
wind’s compensation can cause the disappearance of the California Undercurrent from 
the surface and the area until the coast be covered by the Davidson current. 

The California Undercurrent during June [990 is restricted in the upper 700 dbar 
and mixes equatorial type waters with the Subarctic North Pacific water mn the area. This 
feomo wm very distinctively in the 1,S diagrams. the CUC transport 1s estimatcd to he 
laa a 

The California Current 1s shown to be shallow (less than 300 dbars) and with smaller 
velocity (28 cmi'sec) than the California Undercurrent. The landward limit of the surface 
flow is located at Station 9 and presents a surface core at distance of 110 km from the 
shore. It carrics Subarctic North Pacific water which ts distmguished by low temper- 
ature and salinity. As the I'S diagram illustrates, the landward Imiut of the CC 1s 
strongly affected by the characteristics of the Undercurrent, mainly below 150 dbars. 
On the surface the effects of the Undercurrent are not so strong but still the surface 
characteristics of some of the stations are between the two distinct water masscs. 

The upwelling is shown reaching to a depth of 100 dbars and affecting marly the 
waters landward of Station 5 (22 km from the shore). This phenomenon was driven by 


the upwelling favorable NW winds. 


8 


The southward flowing coastal jet is present the data of June 1990. Landward from 
Station 2 a southward, narrow and shallow current 1s shown on the surface, having 
maximum velocity LO emi'sec. 

A detailed analysis of all data leads to the conclusion that 700 dbars is a more ac- 


curate estinate of the LNAI than either SOO or LOQO dbar. 


B. RECOMMENDATIONS 

Data of June 1990 give a picture of the currents in the area which are amplified or 
compensated by such local phenomena as upwelling. tidal waves, inertial motion, and 
winds. Using data from CTI), Pegasus, ADCP and AVIETRR concentrated on a line it 
Is almost impossible to express an opmion for the size of contribution of the local phe- 
nomena on the currents in the area. T estimate that to form a statistical correlation of 
how much the local phenomena contribute on the currents, the results of this study have 
to be compared with data from other sources, as for example from current meters and 


a sampling array covering an area rather than just a line. 
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